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(54) [Title of the Invent] ijlIGH STRENGTH FERRITE STEEL HAVING 
ULTRA-FINE TEXTURE AND METHOD FOR PRODUCING THE SAME 

(57) [Abstract] 

[Problem] To provide a high strength ferrite steel having a ultra-Hne 
texture improved in unifoifm drawabllity while having high strength and high 
ductility, and being excellent in the balance between the strength aiid ductility 
without adding any special additive elements, and a method for producing the 
same« 

{Solving Means] The invention provides a method for producing a high 
strength ferrite steel having a ultra-fine texture comprising the steps of: warm 
hardening a low-alloy steel in a ferrite temperature range to form a ultra-fine 
ferrite steel mainly comprising a ultra-flne ferrite grain texture with an 
average grain diameter of less than 2 ^m by inducing recovery or 
recrystalllzation; heating the ultra-fine ferrite steel at a temperature range of 
350^C to (Aci ' 40)^C immediately after warm hardening or after cooling at less 
than 350®C; and annealing the steel by slowly cooling or keeping at a constant 
temperature within the teipperatore range above, wherein the low-alloy steel 
comprises, in % by weight, 0.02 to 0*20% of C, 0.01 to 1.0% of Si, 0.2 to 2.0% 
of Mn, not larger than 0.050% of not larger than 0.010% of S, 0.001 to 
0.10% of My not larger than 0.060% of Nb, and not larger than 0.020% of Ti 
with a balance of Fe and inevitable impurities. 
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[Claim(s)] 




[Claim 1] A method for producing a high strength ferrite steel having a 
ultra-fine texture comprising the steps of: 

warm hardening a low*alloy steel in a ferrite temperature range to form a 
ultra-fine ferrite steel mainly comprising a ultra-fine ferrite grain texture with 
an average grain diameter of less than 2 ^m by Inducing recovery or 
recrystallization; 

heating the ultra-fine ferrite steel at a temperature range of 350<*C to (A^^ - 
40)^C immediately after warm hardening or after cooling at less than 3S0^C; 
and 

annealing the steel by slowly cooling or keeping at a constant temperature 
within the temperature range above. 

[Claim 2] The method for producing the high strength ferrite steel having 
a ultra-fine texture according to Claim 1, wherein the low-alloy steel comprises. 



in % by weight, 0.02 to 0.20% of C, 0«01 to 1.0% of Si, 0.2 to 2.0% of Mn, not 
larger than 0,050% of P, not larger than 0.010% of S, 0.001 to 0.10% of Al, not 
larger than 0.060% of Nb, and not larger than 0.020% of Ti with a balance of 
Fe and inevitable impurities. 

[Claim 3] The method for producing the high strength ferrite steel having 
a ultra-fine texture according to Claim 1 or 2, wherein the low^alloy steel 
contains, in % by weight, one or a plurality of elements comprising not larger 
than 0.4% of Cu, not larger than 0.4% of Cr, not larger than 1% of Ni, not 



larger than 0.2% of Mo, and not larger than 0.003% of B. 

[Claim 4] The method for producing the high strength ferrite steel having 
a ultra-fine texture according to any one of Claims 1 to 3, wherein the texture 
of the low-alloy steel comprises ferrite, martensite, bainite and pearlite in a 
combined volume ratio of no less than 70%. 
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[Claim 5] The method for producing the high strength ferrite steel having j j 

a ultra-fihe texture according to any one of Claims 1 to 4, wherein the warm 
hardening 1$ applied $o that an accumulated amount of machining in the 
temperature range of 3S0«C to (Acj - 40)^C is no less than 0,7 in plastic 
distortion expressed by the following equation (1): 

= '^J' -^xj'f (1) 

(in the equation, e^,!, ey^ and e,,i, respectively, represent plastic distortion (true 
distortion) of x» y and z components in t-th machining pass) 

[Claim 6] The method for producing the high strength ferrite steel having 
a ultra-fine texture according to any one of Claims 1 to 5, wherein the steel is 
annealed in a temperature range of (Tf - 100)**C to (Tf + 100)'C (Tf represents 
the final machining temperature in warm hardening). 

[Claim 7] The method for producing the high strength ferrite steel having 
a ultra-fine texture according to any one of Claims 1 to 6, wherein the steel is 
annealed by controlling the annealing temperature and annealing time so that 
parameter A represented by the following equation (2) falls within the range of 
no less than 5,000 and not larger than 7,000: 

A - T(logr ^ 9) (2) 
(in the formula, T represents the annealing temperature ("C) and t represents 
the annealing time (second).) 

[Claim 8] A high strength ferrite steel having a ultra-fine texture obtained 
by the method according to any one of Claims 1 to 7« 

[Claim 9] The high strength ferrite steel having a ultra-fine texture j | 

according to Claim 8 having a tensile strength of no less than 700 MPa and a 
uniform draw ratio of no less than 10%. 
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1 Schematie Ulustntien «f h«avy defonnatioA. 
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Fig. 5 Steam oxidation scaks of defot-mtd apecimen. (a) oon 
deformed area, (b) center i>03ition of heavily daformed area. 




Fig. 6 SEM observation of steam oxidked apedmen (esOX- 
ZeOk3). (a) pre-t>xid3tion-500*C-3.6k4in «ir, (b) pre-omda. 
CioD-700r -{.eksmalr. ^ 
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deviated position from center. 
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